Abstract-In this letter, an inverse source reconstruction method with great potential in radome diagnostics is presented. Defects, e.g., seams in large radomes, and lattice dislocations in frequency selective surface (FSS) radomes, are inevitable, and their electrical effects demand analysis. Here, defects in a frequency selective radome are analyzed with a method based on an integral formulation. Several far-field measurement series, illuminating different parts of the radome wall at 9.35 GHz, are employed to determine the equivalent surface currents and image the disturbances on the radome surface.
I. INTRODUCTION AND BACKGROUND

R
ADOMES enclose antennas to protect them from, e.g., weather conditions. Ideally, the radome is expected to be electrically transparent [1] . However, tradeoffs are necessary to fulfill properties such as aerodynamics, robustness, light weight, weather persistency, etc. One tradeoff is the existence of defects. Specifically, seams appear when lightning strike protection, Pitot tubes, and rain caps are applied, or in space frame radomes assembled by several panels [1] , [2] . In all these examples of defects, it is essential to diagnose their influences since they degrade the electromagnetic performance of the radomes if not carefully attended.
In this letter, we investigate if source reconstruction can be employed to localize and image defects on a radome surface. Employing far-field measurements removes the need for probe compensation [3] . An artificial puck plate (APP) radome with dislocations in the lattice is investigated. An APP radome is a frequency selective surface (FSS) designed to transmit specific frequencies [4] , [5] . It consists of a thick perforated conducting frame, where the apertures in the periodic lattice are filled with dielectric pucks. These dielectric pucks act as short waveguide sections [4] . Due to the double curvature of an FSS surface, gaps and disturbances in the lattice may cause deterioration of the radome performance. Source reconstruction methods determine the equivalent surface currents close to the object of interest. These methods have been utilized for various diagnostic purposes [6] - [15] . The reconstructions are established by employing a surface integral representation often in combination with a surface integral equation. The geometry of the object on which the fields are reconstructed is arbitrary. However, the problem is ill-posed and needs regularization.
Initial diagnostic studies are reported in [6] - [8] , which focus on nondestructive radome diagnostics. The equivalent surface currents are reconstructed on a body of revolution with the method of moments (MoM), and the problem is regularized with a singular value decomposition (SVD). Other research groups have employed slightly different combinations of surface integral representations and surface integral equations to diagnose objects. Especially, radiation contributions from leaky cables are analyzed in [12] , antennas are diagnosed in [9] - [11] , [13] , and [14] , and equivalent currents on a base station antenna are studied in [15] . A more detailed background of source reconstruction methods is found in [8] .
This letter revisits the reconstruction algorithm described in [7] and [8] in order to investigate if defects on an FSS radome can be imaged. In Section II, we describe the far-field measurements, the setup, and the measurement series. A brief reproduction of the algorithm is given in Section III. Images and analysis of the reconstructed fields revealing the defects are found in Section IV, whereas conclusions are presented in Section V.
II. MEASUREMENT DATA AND SETUP
The aim of this letter is to back propagate a measured far field using an equivalent surface currents approach to determine the tangential field components on the radome surface. The purpose is to investigate if defects on an FSS lattice can be localized.
The geometry of the radome and the antenna setup are illustrated in Fig. 1(a) . The height of the radome corresponds to 51.4 wavelengths at the investigated frequency, 9.35 GHz. The antenna is a standard 18-in slot antenna. The radiated field is linearly polarized with a dominating electric field component in the horizontal -direction; see Fig. 1(a) . Several mounting angles, defined by the polar angle , and the azimuth angle , are employed to illuminate different parts of the radome surface; see Fig. 1 
(a).
The radome is an FSS structure with a disturbed periodic lattice, depicted in Fig. 1(b) . A vertical line defect-a column of elements is missing-is located at . The defect ends at m, where a horizontal line defect is located. The horizontal defect occurs due to a small vertical displacement of the elements. Owing to a large curvature of the radome, the horizontal defect also results in a small disturbance of the lattice in 1536-1225/$31.00 © 2013 IEEE , and . In the first two series, the antenna illuminates the area, where the vertical defect merges the horizontal defect at ; see Figs. 1(b) and 2(a). The illumination in the last two series highlights the lower cross, depicted in Fig. 2(a) . In this letter, we focus on the first two measurement series illuminating the top. The last two series are utilized as reference measurements to set the regularization parameter as described in [8] . Moreover, in the last series, a dielectric patch was attached to the radome surface, and the reconstruction of this patch was employed to verify the absolute position of the radome in the chamber. In each series illuminating the top, two different setups were measured for both polarizations. The antenna alone is referred to as configuration (0), whereas configuration (1) denotes the antenna together with the radome, also called the radome case. The configuration numbers are given as superscripts in the field notation in Section IV.
The far-field was measured at GKN Aerospace Applied Composites' compact test range in Linköping, Sweden [16] . The measurements were carried out over a spherical sector, described by the standard spherical coordinates, and ; see Fig. 1(a) for notation. The distance between two subsequent sample points was 1.5 in the azimuthal plane and 0.75 in the polar plane. More details concerning the measurements and the chamber are found in [8] and [16] .
III. RECONSTRUCTION ALGORITHM
To investigate if a source reconstruction technique can be applied to image defects on an FSS radome, a reconstruction algorithm is applied to relate the tangential electromagnetic fields on the radome surface to the measured far field described in Section II. In this letter, we only give a short outline of the algorithm and some key implementation aspects since the algorithm is thoroughly described in previous works; see [7] and [8] .
The electric surface integral equation (EFIE)
where , and denotes the radome surface, smoothly closed at the bottom, is combined with the surface integral representation (2) where belongs to the set of measurement points [see Fig. 1(a) ], and is the intrinsic wave impedance of free space. The far field is measured over a spherical sector, described by the two spherical orthogonal components, (azimuth) and (polar), cf., Section II. The operators introduced in (1) and (2) are and where is the scalar free space Green's function, is the wavenumber, and denotes the surface divergence. Also, the equivalent surface currents on the radome surface are, and . The equivalent surface currents on the radome surface are decomposed into two tangential components along the horizontal, , and vertical, , arc lengths coordinates, i.e., form a right-handed coordinate system. Throughout the letter, we use the notations , and for the reconstructed tangential fields. The setup is axially symmetric, i.e., a body of revolution MoM code and a Fourier expansion of the fields can be employed. Only components with Fourier index are relevant to solve (1) and (2). The problem is regularized by an SVD, where the regularization parameter is set by the reference measurement series. More details, parameter choices of the MoM code, and discussions about the regularization parameter are found in [8] .
IV. RECONSTRUCTION RESULTS
Two measurement series are investigated at 9.35 GHz with the antenna orientations:
, and , respectively; cf., Fig. 1(a) . The vertical lattice disturbance at and the horizontal one at are illuminated; cf., Fig. 1(b) and Section II. The magnetic field components, copolarization and cross polarization , are depicted since they give clearer images of the defects; see also [8] .
The calculated tangential fields are visualized in Fig. 2 , where the antenna orientation is and . In Fig. 2(a) and (c), the field from the antenna is depicted on a surface shaped as the radome to show how the defects, marked as white lines, are illuminated. The -axis in Fig. 2(a) gives the positions of the horizontal defects, i.e., m and m, and the zooming area adapted throughout the letter, i.e., m. The vertical defect and its top ending at appear in the field of the copolarization on the radome; see Fig. 2(b) . The cross-polarized field reveals the horizontal defect at ; see Fig. 2(d) . The amplitude difference between the coand cross polarization, i.e., , is 4.2 dB, where log denotes the 10-base logarithm and . To verify that the defects really are imaged in Fig. 2(b) and (d), another measurement series was performed, where the antenna orientation is and . In Fig. 3 , the field amplitudes are depicted. Even though the main lobe is rotated by and , the positions of the vertical defects [ Fig. 3(a) and (c) ], as well as the horizontal ones [ Fig. 3(b) and (d) ], are identical. The linear scale reveals that the defects block the field. The images of the cross polarization, Fig. 3(b) and (d) , indicate an interference pattern caused by the defects, where the distance between two subsequent minima is approximately one wavelength.
As previously stated, the defects seem to block the incoming field, cf., Fig. 3 . This obstruction, which was detected in the magnetic field, is also visible in the power flow. In the righthanded coordinate system on the radome surface, , the normal component of Poynting's vector is (3) where the star denotes the complex conjugate. In Fig. 4(a) , the difference in the power flow between the radome and the antenna alone is depicted. This image illustrates the impact of the radome. Moreover, it filters out some of the interference pattern and gives a clear view of the vertical defect. To reduce the influence of a noneven illumination, a pointwise normalization of the power flow, i.e., a normalization with , is presented in Fig. 4(b) . A mask of dB is imposed to avoid amplification of small fields in areas of low illumination. In this normalization, the horizontal defect starts to emerge. The reason why the horizontal defect is less visible in the power flow graphs is that this defect is perceived by the weaker cross-components, and , and these components are suppressed by the stronger co-components in (3). To investigate if it is possible to get a more distinct view of the horizontal defect, the part of with contributions from only the cross-components, i.e.,
in (3), is mapped. This quantity is visualized in Fig. 5(a) , where the horizontal defect appears. An even more distinct image is obtained if the field difference, pointwise normalized with the incidence field, is depicted; see Fig. 5(b) . All values 15 dB below the maximum of are suppressed. Similar results are obtained when the antenna orientation is and , except that the interference pattern in the images corresponding to Fig. 5(a) and (b) changes.
V. CONCLUSION
Defects, giving rise to pattern distortions, are often an inevitable tradeoff in the design of radomes. To minimize the effects of these defects, diagnostic tools are valuable in the evaluation process and performance verification. In this letter, an inverse source reconstruction method is utilized to back propagate measured far-field to the surface of an FSS radome with defects in its lattice; see Fig. 1(b) . Different illuminations of the radome wall help us to image these defects.
A vertical line defect, where a column of elements is missing, is clearly visible in the images of the magnetic copolarization. Moreover, the visualizations of the magnetic cross polarization reveal a horizontal line defect caused by an enlarged vertical distance between the center of the lattice elements. It is conjectured that the defects are blocking the field, and images of the power flow, i.e., the real part of Poynting's vector, confirm this hypothesis.
Prior studies have shown the potential of the source reconstruction method as a useful tool in nondestructive dielectric radome diagnostics [6] - [8] . It is concluded that also defects on FSS radomes can be properly analyzed with the same technique.
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